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INTHCDUCTIOK 


Aatlcipating  ths  increasing  usa  of  underwatez*  swlromlng 
and  diving  toclmlqiiaa  at  the  Woods  Hole  Oceanographic  Insti- 
tution, particularly  with  tha  Cousteau  Aqua-Lung  apparatus, 
th®  author  has  assembled  a number  of  facts  and  opinions* 

These  ara  gathered  from  hi a own  and  colleagues*  experiences, 
from  scattarad  raforencas,  and  from  the  personal  advice  of 
U,  S.  Mavy  parsonnal,  for  the  purpose  of  fa^Tiiliariaing  the  y; 

baglriTiing  diver  with  many  of  the  factors- involved  In^  a sue-  

ceasful  diva* 

This  mamial  is  not  Intended  to  subotltate  for  the  per- 
sonal f/uporvl3~ion  of  '~e:<-per^ienced  arid  cGiiipetent  underwater 
swlntners , 


•The  ease  with  which  rn.ost  self-contained  underwater  breath- 
ing apparatus  can  be  used  may  invite  tha  student  diver  to  enter 
tha  water  ignorant  of  potential  dangers  and  ways  of  avoiding 
them.  Even  the  experienced  diver  may  be  confi^onted  by  dangers 
stemming  from  the  environment  or  from  possible  carelessness. 

For  more  details  concerning  Aqua-Lung  maintenance,  physio- 
logical aspects  of  diving,  and  the  mechanics  of  undersea  explo- 
itation, the  reader  should  refer  to  the  bibliography j references 
in  the  text  are  indicated  by  underlined  numbers  in  parenthesis* 

Although  this  report  is  not  intended  to  be  a complete 
guide  for  all  phases  of  self-contained  diving,  dwelling  in- 
stead on  many  problems  which  affect  the  efficiency  and 
safety  of  the  Aqua-Lung  diver  in  parti cula.r,  the  greater 
percentage  of  the  raate'rial  presented  will  apply  equally  as 
wall  to  many  other  moans  of  self-contained  diving  which 
use  air  for  breathing. 

Sail -contained  divi'ng  is  a relatively  new  activity, 
continually  increasing  In  scope,  and  surprisingly  little 
has  bsan  done  to  collect  detailed  information  aiid  reference 
material  under  one  cover. 

This  rapoi’t  should  also  answer  many  questions  from 
interested  partie3--divlng  students,  fellow  workers,  pro- 
ject super'vlsors , etc. --which  cannot  be  found  answered  in 
the  available  literature.  The  diver  of  some  experience 
may  also  be  interested, 

Biscugaions  of  cold-v;ater  swimming,  imderwater  communi- 
cation, the  use  of  the  less  common  semi-closed  or  closed  cir- 
cuit apparatus  (oxygen  re-breather  type),  the  advantages  or 
disadvantages  of  using  such  apparatus  in  place  of  the  Aqua- 
Lung,  use  of  gas  mixtures  other  than  air,  and  hazards  facing 
the  diver  from  marine  life  are  beyond  the  scope  and  intent 
of  the  present  manual.  Concerning  the  latter  the  reader  may 
draw  his  own  conclusions,  assisted  by  the  reference  material 
provided.  From  his  lj,m5ted  experience  with  cold-water  swim- 
ming, the  author  believes  that  the  adverse  effects  of  such 
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activity  deserve  the  utmost  consideration  from  the  effi- 
ciency and  safety  viewpoints.  . 

Finally,,  it  was  not  the  author's  intention  to  dis- 
cuss the  more  plea>sant  aspects  of  free  diving.  To  allay 
the  reader's  possible  doubts,  it  must  ba  stressed  that 
: - : t Aqua-Lung  not  one  stoady  p of  diffi- 

'ahd'  potehtra'I^^^  hut  caii  be  a very  enjoyable 

and  z^swardlng  experience  to  the  oceanographer  who  has  an 
understanding  of  many  problems  vjhich  accompany  the  great 
privilege  of  direct  observation. 
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APPENDIX 

As  this  repoi’t  goes  to  press ^ the  author  wishes  to 
call  attsntlon  to  aoino  more  r-ecsnt  contributions  which 
Illustrate  tho  expanding  use  of  self “Contained  diving 
apparatus  among  oeaanographsrs . 

1,  The  reader  will  obaarve  in  Section  I that  the  author 
"assumes  that  the  prospective  Aqua-Lung  diver  is  alx-eady 

a proficient  swiitmar,  etc?  This  statement  should  be  strang- 
thsneds  Lack  of  ability  to  swim  well  can  only  lead  to 
trouble,  at  least  in  tha  long  runj  the  reader  is  urged  to 
consider  fehs  rseorsssndationa  of  a diver  of  long  experience. 
See  Qualifications  for  a diving  certificate  and  An  outline 
of  diving  reguia t i ons i 6‘y^^onrad  Ll5iEa.ugh,  of  ths  University 
oT~CaiTfornTa,  Scrlpps  Institution  of  Oceanography.  The 
former,  especially,  will  suggest  some  swiimning  exercises 
appropriate  as  training  prior  to  Aquc.-Limg  instruction* 

The  "Outline  of  recommended  training  for  Woods  Hole 
Ossanagi'aphic  Institution  diving  csindidates"  found  in  Sec- 
tion IV  should  also  be  read  v^ith  this  discussion  in  nind. 

2.  The  following  two  references,  in  addition  to  reference 
no,  22  in  ths  Bibliography,  will  be  valuable  to  the  reader 
Interested  in  some  underwater  techniques  used  with  obvious 
success  in  a submarine  geological  survey: 

Underwater  .Manping  by  Diving  Geologists,  by  H,  W, 
kanard,  lU  F.  Dill,  Hamilton,  D,  G.  - 

Hoore,  G,  Shiaviway,  M.  Silveivnan,  and  H,  B, 
Stewart,  Bull,  Amer,  Assoc.  Petrol.  Geol,, 
Vol.  38,  No.  1,  pp,  129"li|7 

^ ^ ^ Usologio  boo  of  Self-Contained  Diving  Apparatus, 
by  R,  F.  Dill  and  G.  Shumway.  Sail,  Amei’. 
Assoc.  Petrol.  Geol,,  Vol  38,  No,  1,  pp.  I48- 
157,  January  1954 
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SECTIOK  I - Mechanics  of  the  Dive 


This  sectloxi  assmnes  that  the  prospective  Aqua-Lung  diver 
la  already  a proficient  sniMmer,  with  considerable  experience 
in  using  the  mask  and  s’.'Xlm  fiiis.  Surface  diving  occasionally 
to  depths  of  perhaps  30  fost  Is  excellent  pi-aparabioxi.  It 
has  been  found  that  the  Individual  hfiv5.ng  little  or  no  pre- 
vious experience  with  face  mack  or  swim  fins  has  some  diffi- 
culty in  adapting  to  the  Aqua-Lung. 


The  ideal  location  for  the  initial  dive  is  a swlifTmlng  pool 
or  gently  sloping  beach.  Later,  following  an  anchor  line  to 
the  bottom  will  often  increase  confidence  iri  thc3  beglrmer  dur- 
ing Ills  first  descant  to  any  coasiderabla  depth. 


The  Aqua-Lung  is  actually  quite  easy  to  use  but  training 
involving  a number  of  vjeeks  or  months  usually  is  necessary 
before  the  studsr.t  really  can  be  considered  proficient  and 
capable  of  making  concentrated  observations  of  his  surroundings. 
In  the  majority  of  cases  during  the  initial  dives,  the  student 
is  mainly  preoccupied  vjith  ^keeping  alive"  in  the  new  medium. 


To  prevent  the  face  mask  from  fogging,  smear  saliva  around 
inside  the  face  plate  and  follow  with  a quick  rinse  in  the  vjater. 
Saliva  is  one  of  the  best  anti-fog  substances. 

Check  tightness  of  mask  seal  by  attempting  to  inhale 
through  the  nose.  If  watertight  a suction  will  result,  draw- 
ing tha  glass  towards  the  nose.  It  has  been  the  author's 
experience  that  a liiustache  or  board  may  have  to  be  sacrificed 
to  attain  this  tightness. 

Inspect  the  rubber  flapper  exhaust  valve,  in  the  regulator 
box  assembly,  to  insure  that  the  slits  are  not  stuck  together-. 

The  valve  must  open  completely  v;hen  exhaling  and  close  com- 
pletely 'When  inhaling.  If  tha  valve  does  not  close  completely, 
water  will  enter  the  breathing  t-abes.  This  may  be  caused  by 
salt  pai^ticles  if  the  valve  was  not  properly  rinsed  In  fresh 
water  after-  the  previous  dive.  The  valve  may  also  show  signs 
of  datarlor’ablon,  usually  r-equli'-lng  replaceraent  about  once  a 
year. 

The  cylinder  pressure,  which  should  never  exceed  the  maxi- 
fflum  I’ated  prossure,  must  be  checked  before  entering  the  water 
and  a rough  estiiaats  of  the  diving  time  may  be  obtained  from 
the  graph  illustrating  duration  of  air  supply  &t  various  depths 
(Pig.  3I  It  must  be  remembered  that  the  beginning  diver  will 
most  likely  consmae  at  least  twice  as  much  air  as  the 
experienced  diver  who  has  learned  to  control  his  Lroathing. 


After  the-  dsrearitl  regulator  has  bean  clamped  to  the  air 
cylinder  and  before  turning  on  air,  the  hoses  must  bo  tested 
for  leaks  by  drawing  on  the  iRouthplece.  The  hoses  raust  also 
bs  axaminsd  for  signs  of  datarloratlon,  or  cracks,  or  loose- 
ness where  attached  to  the  regulator. 

Turn  on  the  air-  and  braatha  several  times  through  the 
Biouthpiecc  to  teat  the  actloiii  If  opax^atlag  properly  a yery^,_^ 
slight  resistance  will  be  felt  on  inlialing,  but  tha  divor 
soon  accuatOiTi"  hlnsclf  to  thia  psculi3.rity . The  regulator 
will  furnish  sufficient  air  with  noivnal  demand. 

Then  place  tha  mouthpiece  to  the  ear.  A continuous 
slight  hissing  sound  at  this  point  indicates  that  tha  regulator 
needs  an  Internal  adjustment  or  overhaul  (--■■) , This  leaJc  is  bjx 
abnormal  condition  and  should  be  remedied  before  attempting  a 
deep  diva. 


Buoyamey  Determination 

Buoyancy  adjustment  depends  on  tha  individual  body  build 
and  desires.  For  an  effortless  descent  and  ascent  the  diver 
should  be  somewhat  negatively  buoyant  with  a full  tank  and 
slightly  positive  with  an  exhausted  tanlc.  If  much  stationary 
work  on  the  bottom  is  required,  the  Aqua-Lung  diver  may  prefer 
to  be  negative  at  all  times.  In  fact,  soma  individuals  have 
inherent  negative  buoyancy  even  wlthotit  carrying  diving  appara- 
tus. 


Pox’  moat  underwater  activities,  however,  the  diver  will 
prefer  approximately  neutral  buoyancy  and  the  follow  ng  pro- 
cedure is  X’aCGBBHsndsd; 

With  the  A qua -Lung  cylinder  about  $0%  exhausted  (approx. 
1100  p,s,i.)  slip  off  a float  into  v.’ater  8 or  9 feet  deep. 
While  standing  vex'-tieally  in  the  water,  with  the  aivas  at  the 
sides  and  legs  motionlss'.,  exhale  completely.  If  neutral  you 
Kill  sink  slowly  to  tha  bottom,  only  to  begin  rising  as  a full 
breath  La  taken.  If  this  is  not  the  case  add  weights,  one 
pound  at  a time,  until  this  coritv-ol  ia  achieved. 

Adjustment  to  nsuti'al  buoyancy  will  enable  a diver  to 
make  small  depth  cori’setions  simply  by  bi'eatliing  control,  and 
results  in  the  moat  effortless  dive.  Otherwise,  much  air  Is 
wasted  by  constant  maneuvering  to  maintain  the  desired  depth 
level. 


(«-)  Consult  Overhauling  the  A qua -Lung , Scripps  Institution  of 
oceanography’ Kaference  #5*5-2S7~  April  1953* 
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While  on  tha  subject  of  weights  it  might  be  Interest- 
Ing  to  note  that  a 70  cubic  foot  Aqua-Lung  cylinder  charged 
to  1800  p,s,ia,  I'/ith  regulator  attached,  will  weigh  about 
36  pounds  in  air  and  2,1  pounds  In  sea  v/ate-r.  The  same 
tank  when  exhausted  may  have  a slight  positive  buoyancy  of 
about  4 ounces,  : ; ^ - 

In  daterislnlng  or  adjusting  his  buoyancy  with  the  appa- 
ratus, the  diver  should  make  allowances  for  the  accessories 
likely  to  be  carried,  A cold-water  exposure  suit  will  also 
affect  the  ballast  weight  rsqulremonts  because  of  its  trapped 
air  pockets  and  different  volurae.  As  an  cxaiiiple-  the  author 
requires  an  additional  3 pounds  ballast  for  nouti’al  buoyancy 
with  the  70  cubic  foot  tank  and  wearing  bathing  trunks,  while 
a certain  type  of  full-length  rubber  suit  with  hood  requires 
a total  of  14  pounds  for  the  same  buoyancy.  When  using  the 
70  cubic  foot  tank  with  bathing  trunks  in  fresh  water,  the 
author  is  very  slightly  n8gative--viithout  any  ballast. 


The  author  observed  on  one  occasion  that  although  his 
buoyancy  was  neutral  near  the  surface  (without  a rubber 
suit),  he  became  slightly  negative  at  a depth  of  100  feat. 

Near  the  bottom  at  this  depth  a full  inhalation  only  enabled 
him  to  maintain  his  present  level,  while  a complete  exhala- 
tion caused  him  to  drop  quite  rapidly.  Although  this  pheno- 
menon caused  no  inconvenience,  the  experience  may  be  interest- 
ing in  that  the  vex^r  slight  compression  of  tissues  under  the 
pressure  of  4 atmospheres  was  enough  to  slightly  reduce  the 
buoyancy. 


C,  Swiiaiaing  Form  and  Deacent 

When  covar-lng  any  distance  under  water  with  the  Aqua- 
Lung  the  best  sv/immlng  form  consists  of  keeping  the  arms 
at  the  sides  {-“■)  and  kicking  the  legs  in  slow  sweeps.  The 
kneaa  should  be  slightly  bent?  excessive  bending  is  ineffl- 
elent.  Using  the  ams  will  actually  impede  the  diver.  With 
the  recoBjMended  swimraing  form,  & mlnimutn  consumption  of  air 
is  possible  and  maximijsiri  speed  may  be  obtaJnsd,  The  average 
swliiiinlng  speed  with  the  Aqua-Lung,  when  used  by  a proficient 
diver.  Is  about  0.9  knots. 

For  the  most  rapid  descent  a vex’tical  head-first  posi- 
tion raay  be  aasutned.  "Clearing”  the  ears,  however,  will 


(^i-)  Exception;  when  visibility  1 G jpOG^  ^ arms  may  be  extended 
in  front,  so  any  object  encountered  will  fii'st  be  contacted 
with  the  hands--not  the  head,  Tiis  saiae  for'in  should  be  used 
on  ascent  to  the  surface,  regardless  of  the  visibility,  to 
protect  the  head  fi>oni  the  hull  of  a boat,  etc. 


i 

i 

! 
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govern  the  speed  of  descant.  With  conditioning  of  the  eus- 
taehliin  tubas  and  experience  it  la  possible  to  swim  down 
the  first  100  feet  within  one  or  two  minutes. 

The  ears  may  soon  experience  a "wedging”  sensatiorti 
sometlmss  witnin  10  oi’  15  foat  below  the  surface.  In  cases 
of  uuuaual  blockege,  this  may  be  experienced  within  6 to  10 
feet  below  the  surface.  If  discomfort  In  the  ears  persists 
or  woraonSi  stop  ccmpletsly  for  a few  secondG  and  allow  the 
air  pressure  to  equalize  fully  in  the  passages.  To  facili- 
tate the  process  the  diver  may  blow  through  the  nose  v/hlle 
holding  the  mask  firmly  against  the  face,  wiggling  the  Jaws, 
or  swallowing.  Temporarily  ascending  a few  feet  often  helps 
in  the  fallvira  to  equalize. 

Navy  U.D.T.  swimmers  find  that  a nose  clip  (*)  worn 
under  the  mask  will  assist  in  clearing  the  ©ar-s  iaors  effec- 
tively than  the  forego i-ng  procedures,  if  a slight  pi’essure 
is  blown  against  the  clip  during  descent.  This  clip  vjlll 
not  interfere  with  the  normal  equalisation  of  the  mask  air 
space  pressure-  nor  with  the  elimination  of  water  leakage 
from  the  mask  (see  Sect.  III-A). 

If  the  discomfort  cannot  bo  eliminated  return  to  the  sur- 
face or  settle  for  a shallower  depth.  Othervjlso  there  Is  a 
strong  possibility  of  eardr\ira  I'upture  or  a hemorrhage  from 
the  middle  ear  and  tympanic  membrane  through  the  eustachiaa 
tubes  (see  Sect,  V), 


The  attempts  to  equalize  should  not  bs  pushed,  "to  the 
point  of  distinct  pain  since  considerable  demage  to  the  deli- 
cate tissues  can  occur  without  extreme  discomfort.  If  ear 
dlscoafoi’t  persists  on  repeated  divlx^  sessions,  despite  the 
foregoing  measures,  the  prospective  diver  should  be  exaialned 
by  an  ear-nose- throat  specialist. 


Under  the  ideal  training  program  the  trainee  should  be 
examined  before  the  inlti.al  dive  and  treated,  if  necessary, 
f/hora  the  studo.nt  vxith  potential  equaliEatioa  diffiaultlea 
wishsa  to  continue  in  the  diving  prograin.  In  the  case  of 
excess  lyinphatic  tissue  around  the  eustachlan  tube  opening 
it  may  bs  .necessary  to  enlarge  the  entrance  thJ?ough  a series 
of  radium  treatments. 


Never  dive  x-rlth  ear  plugs.  They  trap  air  inside  the 
e&ra  which  reacts  to  pressure  changes.  Water  pressure  can 
force  the  plugs  deep  into  the  ears.  The  same  rule  should 
apply  to  the  use  of  goggles,  unless  there  is  some  means  of 
equalising  the  pressure. 


(•»)  The  DESCO  nose  clip  apvenrs  to  be  suitable 
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A more  detailed  discussion  of  routine  ear  care  and 
coffipllcationa  following  eardrum  rapture,  "ear  squeeze”, 
and  "mask  squeeze"  will  be  found  in  Section  V, 


® Control  and  Conservation  of  Air 

To  ccnserva  air  the  diver  must  learn  to  breathe  with 
a slow  easy  rhytlim,  taking  the  air  gruadually  rather  than 
tryiiig  to  fill' the  lungs  ail  at  once.  Nervousness  or  other 
disturbed  mental  attitudes  of  the  diver  v^hich  Induce  quick 
breathing  may  cut  the  available  diving  time  by  $0^,  Using 
the  "flvittsr  kick"  described,  the  diver  can  learn  to  obtain 
perhaps  seven  kicks  from  each  breath  of  air  v;hen  moving  any 
considerable  distance  under  water. 

However,  the  effort  the  conserve  the  limited  air  supply 
should  not  be  carried  to  the  extent  of  actual  restraint  of 
the  desire  to  breathe  (*),  Excessive  holding  of  breath  can 
result  in  shortness  of  breath  and  eventual  nausea  from  CO2 
acuUiiiulation,  especially  at  greater  depths,  where  it  is  now 
believed  that  COg  buildup  occurs  to  some  extent  even  when 
one  is  breathing  "nonaally".  Increased  physical  effort 
naturally  increases  breathing j and  beyond  a certain  point, 
respiration  becomes  uncomfortable  and  may  tend  towards  un~ 
controllsd  gasping.  The  diver  shoixld  learn  to  keep  his 
exertions  within  this  llmlt«>-vihlch  will  generally  be  reached 
sooner  at  greater  depths. 

Economy  of  air  »asaga  may  also  ba  aohlsved  by_  ascending 
when  an  appreciable  distance  has  to  be  covered  betwoon 
diving  locations,  and  moving  through  ths  water  Just  below 
the  surface.  Tha  reason  for  this  suggestion  follows;  Since 
ths  demand  regulator  fills  tha  luiigs  v-;ith  aii’  at  the  press'ors 
corresponding  to  the  depth  of  operations,  the  diving  time 
p.vailable  from  a given  tank  of  compressed  air  becomes  less 
with  greater  depths.  During  submarsion  the  lungs  fill  to 
the  sfuas  extent  as  compared  v;ith  the  surface,  but  the  actual 
consiniptlon  of  "fr-se  air"  (equivalent  volume  of  compx’essed 
air  at  atmospheric  pressure)  increases  nearly  in  proportion 
to  tha  number  of  atmospheric  pressurfjs  found  at  the  swlmiaing 
depth. 

The  average  rate  of  air  consumption  Is  in  the  neighbor- 
hood of  one  cubic  foot  pel*  minute  for  a dlvei’  at  the  surface, 
Incrsaaing  by  $0^  or  more  durlnr  exercise.  Prom  one  series 
of  experiments  it  was  observed  Til): 


{■»)  If  breath  is  held  beyond  the  "spasm  stage",  unconscious- 
ness may  quickly  fellow. 


- Q 

f 


HOW  REGUMTOH  WORKS 


Beoausa  it  irafalllrigly  auppliaa  vital  air  to  the  diver, 
the  daiiiaad  i^agulator  (above)  is  called  the  heart  of  the 
Aqua-I)ung.  Water  entering  the  base  tlirough  holes  "A” 
acts  agal,nst  diaphra,^  ”B",  vfhich  forms  the  bottoia  vjall 
of  the  lower  chamber.  Movement  of  the  diaphragm  actuates 
valve  *'D”  through  lever  arrajigemcnt  ”C”,  causing  air  to 
bleed  from  the  upper  chsjtiber  ”E”  into  the  lower  one  until 
the  sea  pz'essure  ia  equalised,  llis  prossxira  in  the  lower 
chamber,  in  combination  with  the  spring  then  acts  to 

halt  the  flow  of  air  from  the  diverts  tank  through  valve 
”G".  When  the  diver’s  breathing  removes  air  from  the 
lovjsr  chambar  through  port  "H”,  the  cycle  repeats  itself 
and  ia  capable  of  watching  tha  fastest  breathing  rate. 

Air  exhausted  from  the  diver’s  lungs  is  discharged  into 
the  water  ttoough  a valve  just  below  diaphragm  ”B”,  Dia- 
phragm and  spring-loading  devices  are  so  calibrated  that 
the  ffiechaniam  works  on  a pressure  diffoi^ential  of  only  2 
to  5 inches  of  water,  and  this  is  readily  producod  by  the 
lungs* 

(•iS')  Reproduced  by  permission  of  Compressed  Air  Magaaine, 
August  1953. 
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1*  the  Yoluiae  of  free  air  expended  at  re  at  Increased 
almost  proportionately  with  the  ambient  water 
pressure  down  to  33  feet,  but  the  volume  used  at 
100  feet  was  15,^  greater  than  the  "calculated” 
amount.  The  increased  consumption  rate-!  at  100 
feet  may  have  resulted  from  shivering  in  the 
colder  water-  found  at  that  depth. 

2.  the  voliune  of  free  aii-  expended  during  exercise 
tended  at  greater  depths  to  become  less  than  the 
"calculated"  amount.  At  a depth  of  100  feet  this 
amounted  to  a consumption  rate  37%  less  than  pre- 
dicted. 

This  may  be  partly  explained  by  the  Increased 
"partial  pressure"  of  oxygen-^equivalent  at  four 
atmospher-es  (99  feet)  to  breathing  80%  oxygen  at 
one  atmosphere.  This  eoiicentratlon  of  oxygen  is 
known  to  reduce  the  air  consumption  necessary  dur- 
ing exercise  at  the  surface. 

However,  it  must  be  taken  into  account  that  the  quoted 
percentages  reprssented  an  average  cf  a small  number  of  indi- 
vidual performances,  v/hore  the  effect  probably  varies  from 
time  to  time  in  a given  man,  as  well  as  between  individual 
swlBimers, 

The  "calculated",  or  predicted,  duration  of  air  supply 
at  various  depths  shov/n  in  Fig.  3 is  based  on  the  assumption 
that  the  respiratory  ventilation  of  free  air  inci’ea-ses 
exactly  in  proportion  to  the  ambient  water  presdhre  expressed 
in  atmospheres.  Although,  as  has  been  explained,  the  diver's 
air  consuiaption  cannot  be  predicted  with  such  accuracy,  the 
graph  illustrates  the  effect  of  one  factoi'  which  controls 
the  diving  time  from  a given  quantity  of  air.  The  "Safety 
Curve"  contained  in  this  relationship  was  plotted  mainly 
from  the  U.  S.  Navy  Decompression  Table  (Pig,  4)  concerns 
only  the  problem  of  "bends". 


SECTION  II  - General  Precautions 
A . Eciulpment 

Secure  the  Aqua-Lung  to  the  body  with  "safety  hitches" 
on  the  shoulder  and  waist  straps.  This  is  accomplished  by 
passing  the  end  of  the  strap  back  through  the  first  buckle 
for  several  inches,  leaving  a loop  of  perhaps  three  inches 
still  cinched.  One  sharp  yank  on  the  end  of  this  strap  villl 
cause  the  hitch  to  com©  free.  This  method  Is  not  only  con-, 
venlsat  but  allows  a quick  means  of  escape  from  the  Aqua-Lung 
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harness  in  case  of  an  emergency  ditching  (see  Sect.  . 

The  weight  belt  should,  be  attached  in  the  same  manner. 


An  Improvement  of  the  standard  Aqua-Lung  harness,  made 
at  the  Submarine  Escape  Training  Tank  in  New  London,  Conn,, 
consists  of  four  parachute-type  wide  nylon  straps  meeting 
in  the  foi’ra  of  an  "X''  on  the  diver's  chest,  allowing  release 
of  the  entire  harness  from  one  centx'’al  point. 


XX  bxi6  xiqua*^xjUiig  cy.ixuaar'  xs  6qUxpp6u  vi±vLi  an.  axx*  saXcfcy 
reserve  feature  be  sure  the  lever  is  in  the  "up”  position 
bafox’e  commencing  the  dive.  This  will  Insure  an  advance  warn- 
ing of  approaching  tank  exhaustion  (see  Sect,  III-B) . When 
charging  these  tanks  from  a compressor  or  cascade  system  of 
larger  cylinders  the  lever  must  be  in  the  "down”  position. 


There  are  at  least  three  schools  of  thought  concerning 
the  placement  of  ballast  weights  carried  by  the  diver: 


1.  One  U.  S,  Navy  group  prefers  to  attach  the  weights 
directly  to  the  cylinder(3).  Thus,  if  "ditching” 
is  necessary,  all  the  dead  weight  of  the  apparatus 
falls  away  in  one  operation. 

2.  Most  civilian  undex’water  swimmers  appear  to  wear 
the  weights  on  a waist  belt.  Therefore,  if  the 
Aqua-Lung  is  taken  off  at  the  surface  It  would  not 
necessarily  sink--as  it  would  were  the  weights 
attached. 

In  the  final  analysis,  ho’Wever,  it  is  much  more-  - 

important  to  save  your  life  than  the  price  of  an 
Aqua-Lung, 

3.  The  authox’  has  decided  to  attach  the  weights  to 
his  person.,  A diver  may  some  day  find  himself  in 
a situation  where  he  must  gain  positive  buoyancy 
without  parting  with  his  air  supply. 

Above  all,  it  is  wise  to  keep  the  nurnber  of  straps  and 
accessories  around  the  waist  down  to  essentials.  This  will 
prevent  furabllng  when  the  diver  has  only  a matter  of  seconds 
bo  disengage  the  equipment.  Fastenings  shoxild  be  large  and 
simple  enough  to  be  operated  easily  xinder  watsx’  with  cold 
hands  or  gloves.  Many  ope.rations  which  seem  quite  simple  in 
the  air  become  surpx’l singly  awkward  under  xvater. 

White  parachute  cord,  leading  from  the  diver  to  a yellow 
float,  or  man  at  the  surface,  is  a useful  pi’ecaution  pro- 
viding it  is  not  likely  to  foul  with  a ship's  screw  or  dock 
piling,  etc.  Alvxays  attach  the  line  to  the  diver's  person 
(not  to  the  Lung  or  the  weights)  by  means  of  a large  snaphook-- 
which  can  be  easily  detached. 


If  a gaaolina-driven  air  compressor  Is  used  to  charge 
the  cylinders,  make  sure  that  the  exhaust  gases  do  not  con- 
tsminate  the  air  supply  through  the  compressor  intalco.  Very 
small  amounts  of  excess  CO  or  GO2  can  make  trouble  for  the 
diver.  An  excellent  example  of  this  trouble  is  described 
in  Cousteau's  book.  The  Silent  World . The  air  supply  should 
also  ba  filtered  free  of  oil  furies,  dust,  and  moisture. 

Never-  d1,vo  with  oxygen  in  the  Aqua-Lung,  as  this  can 
lead  to  oxygen  poisoning- -involving  general  convulsions, 
fits,  and  unGon3ciousness-“or  an  explosion  resulting  from 
the  presence  of  oil  in  the  diving  appai'atus, 

A CO2  Inflatable  life  preserver  (-«-)  is  highly  recommended, 
Thei'G  are  situations  where  the  Importance  of  this  preserver, 
slightly  larger  than  a cigarette  package,  could  be  likened  to 
that  of  a parachute--ln  its  ability  to  bring  the  swimmer  to 
the  surface  and  keep  him  there. 

Always  carry  a knife,  particularly  when  uslrig  or  working 
near  lines.  Lines  are  cut  best  under  viater  with  a saw-tooth 
edge,  while  a straightedge  works  on  fine  wire. 


® • fhovention  of  Air  Enbollsm 

A given  quantity  of  air  doubles  in  volume  while  ascend- 
ing between  99  and  33  feet  below  the  surface.  It  will  double 
again  in  volume  dulling  the  last  33  feet=-a  fourfold  increase 
in  volume  from  99  feet. 

Always  breathe  continytously  (or  at  least  exhale)  during 
the  ascent,  and  reduce  ascent  speed  ne^"r  the  surface,  A 
safe  rule  to  follow  is;  never  overtake  the  small  bubbles  on 
ascent.  The  air  in  the  chest  will  expand  if  the  breath  Is 
held  on  ascent,  and  if  this  is  carried  to  extremes  the  lung 
tissues  v.'lll  riipture- -forcing  air  into  the  blood  stream. 

Tttis  results  in  air  embolism  (see  also  Sect,  V)  and  possible 
death,  even  though  s recompression  chamber--the  best  treat- 
ni8nt““ls  immediately  available. 

This  precaution  is  especially  Important  in  relatively 
shallow  depths  since  the  voltune  of  retained  air  in  the  lungs 
expands  at  a faster  rate  as  the  surface  is  neared.  In  fact, 
an  air  embolism  can  result  by  Rscendtng  the  last  7 feet  vjhlle 
forclblj''  retaining  a full  breath.  Under  extreme  conditions 


(w)  The  FLOTO  preserver  (Lucas  Mfg,  Co,,  Chicago,  111^  appears 
to  be  most  suitable,  since  it  can  be  securely  attached  to  the 
diver. 


of  panic,  tbs  escape  of  air  could  be  prevented  by  a spasm 
of  the  throat  muscles  sealing  the  main  lung  passageway. 


However,  ordinarily  the  diver  would  not  accidentally 
reach  this  point?  if  not  bi’eathing  normallji  the  feeling 
of  expansion  in  the  chest,  or  sensation  of  discomfort 
behind  the  breastbone,  would  i’emind  him  to  equalise „ The 
incidence  of  air  srabolisin  is  very  low-  particuT.arly  ainong 
Well-traihed'  and '’experienced  underwater  swimmers. 


The  ascending  swirmnor  should  never  wait  for  a feeling 
of  distinct  pain  in  the  cheat  to  signal  the  need  for  expel- 
ling air.  The  "^bursting  point"  is  not  predictable.  It  has 
been  observed  at  the  Submarine  Escape  Training  Tank  in  New 
London,  Corin.,  that  the  fev;  students  stricken  with  air  embo- 
lism during  Momsen  Lung  escape  training  or  "free  escape" 
(with  no  brsathlng  appliance j training  gave  no  outward  indi- 
cation of  pain  in  the  chest  before  the  onset  of  symptoms. 

The  danger  of  air  embolism  is  paramount  during  the  emergency 
procedure  of  "free  ascent",  which  is  discussed  in  detail  In 
Sect.  III-D. 


Incidentally,  a skin  diver  who  swims  down  from  the 
surface  without  a breathing  appliance,  holding  his  breath, 
is  not  concerned  with  this  problem  since  the  air  pressure 
in  his  lungs  during  ascent  never  exceeds  the  starting  atmos- 
pheric pressure. 

While  on  the  subject  of  air  expansion,  it  might  be  of 
Interest  to  note  that  during  very  fast  compression  or  decom- 
pression (usually  occurring  only  in  recomprossioa  chambers), 
one  may  have  pain  in  defective  teeth  fillings.  During  com- 
pression (or  descant)  the  air  may  not  get  in  quick  enough  to 
cavities  vindei’  the  filling,  so  the  tooth  raay  cave  in.  Dur- 
ing decompression  (or  ascent)  the  air  may  not  escape  fast 
enough  and  the  filling  may  be  lifted  out  of  the  cavity. 
Occurrence  of  pain  in  the  teeth  during  diving  should  prompt 
a visit  to  the  dentist,  since  this  does  not  happen  when  the 
teeth  are  in  good  repair. 

During  a rapid  ascent  with  the  Aqua -Lung  the  air  expand- 
ing inside  the  mask  will  often  cause  the  mask  to  shift  posi- 
tion, It  might  be  convonlent  in  this  ease  to  hold  the  mask 
lightly  against  the  face  with  one  hand,  or  allow  the  excess 
air  to  escape  under  the  lower  edge. 

0,  Avoiding  the  "Bends"  (Decompression  Sickness,  Caisson 

Disease) 

Below  a depth  of  33  feet  the  diver  has  time  limits, 
diminishing  with  increasingly  greater  depths,  which  allow 
a normal  return  to  the  surface  with  little  (if  any)  danger 
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of  contracting  "bends”,  although  the  rate  of  ascent  near 
the  stated  limits  should  not  be  greater  than  ^5  feat  per 
minute . Consult  Section  ¥-=D  for  isupoi'bant  facta  related 
to  this  stateaent.  The  U.  S.  Navy  "Decompression  Table 
CFlg,  Ij.)  lists  the  exposure  time  limits  l.e.,  2 hours 

at  1^0  feet,  i+3  nilnutea  at  70  feet,  2$  minutes  at  a depth 
of  100.  feet,  etc.j  these  are  plotted  graphl  cal  ly ",  as' ' '&■ 

"Safety  Curve in  Fig ^ 3 v The  Aqua-Lunger  should' u depth- 
time combinations  above  this  Curve  to  avoid  the  need  for 
decompression  stops  daring  ascent  The  deeper  portions 

of  the  Safety  Curve  are  of  little  moi’e  than  academic  interest 
because  the  descent  would  use  up  most  or*  all  of  the  tinier 

The  Aqua-Lujigsr  should  remember  tnat  (l)  the  exposure 
times  are  cumulative  in  any  12-hour  period,  (2)  the  exposure 
time  limits  Include  both  "time  on  the  bottom"  and  time  of 
descent  from  surX'ace;  exposure  times  at  depths  of  33  fast 
or  less  are,  of  course,  also  counted  as  decent  time,  (3) 
interpolation  of  the  Decompression  Table  is  not  permitted. 

To  clarify,  this  means  that  if  the  actual  depth  or  time 
Involved  happens  to  fall  between  values  given  in  the  table, 
the  diver  must  decompreas  for  the  next  greater  increment 
of  depth  or  time. 

Whore  the  depth  measurement  is  felt  to  be  Inexact,  or 
if  rough  water  effectively  varies  the  depth,  or  if  the  diver 
is  doing  exceptionally  hard  work,  U.  S,  Navy  diving  officers 
will  apply  the  next  10-foot  Increment  of  the  table  bvoyond 
tliat  which  would  normally  be  used. 

Ihe  oceanographic  Aqua-Lung  diver,  in  particular,  may 
inti'oduce  a complication  at  this  point  by  folloviing  an  uneven 
bottom.  If  the  bottom  slope  is  known  to  be  fairly  constant, 
and  the  depths  considerable,  the  safest  rule  to  follow  in 
this  instance:  begin  the  survey  at  the  deep  end  of  the  slope 

and  surface  whan  the  maxiraum  allowable  exposure  time  for 
that  deepest  depth,  or  the  greatest  depth  encountered  (such 
as  a "dip"  in  the  bottom)  has  been  reached.  An  accurate 
wrist  depth  gauge,  pressursproofed  watch,  and  compass  are 
nacassary  items  in  most  diving,  particularly  in  deep  water. 


Not  to  be  confused  with  "Optimum  Exposure  Time"  referred 
to  in  the  Decompression  Table, 

('ii-iS')  Consider  qualified  coamient  by  LCdr.  P.  D,  Fane,  COIiUDU-1: 
"Dives  of  over  1?0  feet  are  for  experts  with  recomprssaion 
chambers  limnedlately  available.  You  are  asking  for  trouble 
to  try  greater  depths — unless  emergency  requires." 


\0U  TABLE  y.S. 
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Concerning  rspetiltlve  dives  fcha  author  quotes  Lt, 

Edward  H.  Lanphier,  who  is  attached  to  the  Navy  Experimental 
Diving  Unit:  "The  present  Navy  rule  for  repetitive  dives 

leaves  Eiuoh  to  be  desired  from  the  Aqua-Lunger’s  viewpoint* 

In  the  first  place,  divers  are  urgod  not  to  make  more  than 
one  dive  in  a 24 "hour  period  where  this  can  possibly  be 
avoided.  If  such  dives  must  be  made,  the  rvile  calls  for 
decompression  on  the  basis  of  the  combined  time  of  the  dives 
and  the  depth  of  the  last  dlvs.  This  ’will  seem  uruiecessarily 
r-estrictive  and  bui’dsnccmc  and  this  is  frequently  the  case* 
However,  it  is  probable  that  in  certain  circumstances  where 
a deep  dive  is  followed  by  a shallower  one  after  a short  Inter- 
val, the  decompression  specified  for  the  last  dive  would  not 
be  sufficient.  The  only  rule  vjhlch  can  thus  be  considered 
safe  in  all  circuiastances  is:  de compress  for  the  combltied 

tlm? 


deepest  dive, 

lit  I II  , II II r I I - r - Mil  — ~~T 


The  French  have  developed  special  underwater  s’rflmmer 
decompression  tables,  characterised  mainly  by  ”factors”  for 
repetitive  dives  on  the  s d.2.  y f ■ but  the  validity  of  these 

has  not  bean  checked  in  this  country  (*). 


Possibility  of  Nitrogen  Narcosis,  or  ’’Rapture  of  the  Depths 

Approach  with  caution  the  effects  of  nitrogen  narcosis 
(see  also  Sect.  V-D),  causing  progressively  greater  impair- 
ment of  judgment  and  sense  of  self-preservation,  whan  diving 
in  excess  of  80  to  100  feet.  The  effect  at  the  first  100 
feet  of  depth  has  been  very  roughly  compared  to  the  equiva- 
lent of  one  strong  alcoholic  cocktail.  Thereafter,  each  33 
feet  of  depth  {one  atiaospViere ) might  be  considered  as  another 
cocktail.  At  300  feet  the  most  experienced  diver  may  falter 
at  the  simplest  task.  Since  the  Individual  reaction  to 
alcohol  varies  widely,  the  equivalents  are  used  only  as  a 
Bisans  of  descriptive  Illustration,  They  refer  to  ’’effective” 
alcoholic  cocktails. 

”It  is  the  experience  of  submarine  medical  officers  that 
men  with  lew  alcohol  tolerance  or  emotioiial  Instability  are 
especially  susceptible  to  drunkeriness  caused  by  high  prassxara 
nitrogen.  Mature,  serious -minded  individuals  try  to  overcome 
the  effects  of  nitrogen  vmder  high  pressuro  by  datei’inlnatlon 
and  will,  and  can  perform  useful  wox'k  at  greater  depths,”  (2) 

The  French  Aqua-Lung  diver  Maurice  Fargues,  of  Captain 
Cousteau's  group,  evidently  passed  out  aiid  drowned  while  undei* 
the  influence  of  nitrogen  narcosis  at  a depth  of  396  feet, 
v’hile  on  sn  experimental  dive  ilM) . Because  of  this 
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experience,  Cousteau  set  the  ultiiTiate  depth  limit  for  his 
group  of  self-contained  divers  usir^g  air  at  300  feet  (or 
250  feet  on  a "working  dive"),  which  corresponds  to  the 
limits  generally  imposed  on  conventional  deep-sea  diving 
rigs* 


Howovar,  considering  the  fact  that  the  self-contained 
diver  is  "on  his  own"  and  that  he  has  the  additional  pro- 
blems of  limited  air  supply  and  decompression  stages  to 


2b0  feet 
oblTvlon. 


ft  U 3 ^ Tl  A T - 

uoiiiaz;  I WHO  ox 

has  one  foot  on  a tightro 


betv^een  mortalli^  and 


In  conventional  suit  diving  narcosis  can  be  reduced 
or  elii'filnated  by  substitution  of  helium  for  nitrogen. 
Unfortunately,  for  deep  dives  of  limited  duration  v/hich 
characterize  the  Aqua-Lung,  this  mixture  of  gases  increases 
the  decompression  time  required  bo  avoid  the  "bends". 


® ■ On  Living  With  a Pai*taer 

The  following  is  a practice  recomr-icnded  by  the  National 
Research  Council  Panel  on  Underv/ater  Swimmers  (^) ; "An 
underwater  swimmer  should  never  go  vSlone,  but  always  be 
accompanied  by  a partner. 


"Daytime  --  stay  within  visual  range  of  each  other. 

In  shallow  clear  water  the  partner  may 
be  a surfaced  swimmer,  or  be  in  a boat(*-”-). 


O^f  coui’33  the  partner  must  have  the  equip- 
ment and/or  ability  to  effect  a rescue^ 

"Night  (or  reduced  visibility)  --  use  a buddy  line 
6'  to  10'  long,  connected  to  a partner. 

When  e swimmer  loses  visual  contact  with  his  swim  partner, 
he  should  first  listen  for  his  breatJaing  noise,  then  sig- 
nal by  baxiglng  on  cylinders.  If  not  located--3urface" 
fand  look  for  bubbles  of  partner]}, 

Aqua-Lung  cylinders  painted  yellow  will  greatly  extend 
the  visual  range  and  this  should  be  atandai’d  practice  among 


{-;r)  Use  of  helium  in  deep-sea  diving  involves  a very  for- 
midable amount  of  geai’  and  a complex  procedure. 

(-"-»)  A small  boat  should  be  tending  at  any  rate,  when  diving 
any  appreciable  distance  from  shore  or  large  vessel* 
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oivillan  underv;atar  3wlminer-3-“Wher0  obscurity  Is  not  required. 

The  author  also  suggests  that,  especially  where  a con- 
siderable distance  must  be  covered  under  water'--as  in  a geo- 
logical survey,  which  may  involve  various  changes  of  course 
and  many  stop3--the  safer  practice  woxjld  probably  limit  the 
number  of  divers  to  one  pair,  to  minimiae  the  identif-lcatlon 
problem,  . - 

If  two  Aqua-I.ung  divers  are  swimming  together  and  one 
should  "black  out"  or  lose  control  after  losing  the  mouth- 
piece or  a coughing  spell,  etc.,  the  other  swimmer  must 
either  give  the  stricken  one  a sharp  punch  in  the  stomach 
or  a tight  aqueece  about  the  chest,  to  expel  at  least  some 
of  the  air  before  dragging  to  the  surface.  This  is  not  an 
immediate  way  to  make  friends,  but  the  measure  may  save  the 
man's  life.  The  reasons  behind  this  suggestion  are  readily 

seen  in  Section  II-B  (prevention  of  air  embolism)  and  Sec- 

tlon  III-D  (the  free  ascent  technique). 

If  propeller  noises  are  heard  at  time  of  ascent,  pro- 
ceed slowly  and  keep  eyes  open  to  avoid  being  struck* 


SECTION  III  - Corrective  or  Emergency  Procedures 
Following: 

• Flooded  Equipment 

If  water  has  crept  into  the  face  mask  the  diver  may 
resort  to  a standard  procedure.  Take  a deep  breath,  raise 
the  head,  and  blow  through  the  nose.  At  the  same  time 
lightly  hold  the  top  edge  of  the  mask  against  the  face  with 
one  hand.  The  excess  px^essure  will  prevexit  additional  water 
from  exxtering--as  the  lower  edge  of  the  mask  is  lifted- - 
while  the  water  already  present  vjill  be  forced  out.  A method 
of  training  consists  of  diving  with  full  equipment  (also 
including  extra  ballast  to  hold  oneself  dov^n),  removing  the 
mask  under  water,  replacing,  and  expelling  the  water  as  des- 
cribed. 

As  a precaution  should  the  mask  flood  or  come  off,  the 
diver  should  accustom  himself  to  the  sensation  of  diving 
W'lthout  a face  mask--becoms  xxsed  to  the  resulting  I’educed 
vision  and  to  having  the  nose  uncovered  in  vxater.  The  latter 
may  require  some  practice--water  tending  to  enter  the  nose 
while  breathing  through  the  mouthpioce--particularly  during 
a descent. 

Water  which  has  entered  around  the  mouthgrip  into  the 
breathing  hoses  may  be  easily  removed.  The  simpleat  and 
most  convenient  method,  if  very  little  water  is  present,  is 
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to  swallow  the  watex^.  Another  way  consists  of  taking  a 
deep  breath,  squeezing  the  intake  hoss  (on  the  x’ightj''', 
and  then  blowing  out  most  of  the  v/ater  through  the  exhaust. 
This  performance  may  have  to  be  repeated  several  times. 
Rolling  over  on  the  left  side  will  greatly  assist  by  drain- 
ing water  Into  the  exhaust  hose.  Breathing  a little  spray 
is  not  uncoimaon  and  is  only  a reminder  to  c3.»jfip  the  mouth- 
girlp  a lit  tie  tighter  be  tv.'ean  the  teeth.  In  fact , - the  --  - - 
diver's  mouth  may  become  parched  after  breathing  the  fil- 
tered, dry  air  for  an  extended  period,  and  he  may  delibe- 
rately allow  a alight  leak. 


However,  the  presence  of  water  could  also  mean  that 
the  exhaust  valve  or  bi-eathing  hoses  have  started  to  split 
from  deterioration  or*  other  causes.  If  the  moutligrip  is 
secure  and  the  water  cannot  be  cleared  by  blovjing  and  svtfal- 
lowing,  ascend  to  the  surface  and  examine  the  exhaust  valve 
and  hoses  for  leaks.  The  lovj-pressure  diaphragm  (Fig.  2) 
should  also  be  inspected  periodically  for  signs  of  flaws. 


Accidentally  losing  the  mouthpiece  is  a little  more 
serious  than  above,  but  still  viell  v;ithin  the  experienced 
diver's  ability  to  overcome.  The  following  method  of  clear- 
ing the  tubes  Is  most  convenient.  With  the  mouthpiece  still 
removed,  roll  over  on  the  back.  This  will  place  the  mouth- 
piece and,  thex’eforo,  the  lower  chamber  (shown  in  Fig.  2) 
at  a relatively  low  pressure.  External  water  pressure 
actuates  the  diaphragm  (exactly  as  ixi  norxwal  breathing) 
and  the  automatic  x’ush  of  air  will  partially  clear  the 
intake  tube  of  water.  The  diver  then  inserts  the  mouth- 
piece, with  bubbles  issuing,  and  clears  the  exhaust  tuba  as 
previously  described,  , 


In  fact  the  air  will  come  forth  at  such  a rate  that 
the  diver  may  find  excess  air  escaping  around  the  mouth- 
piece, While  clearing  the  tubes,  the  inexpert  diver  may 
have  to  swallow  perhaps  half  a mouthful  of  water  in  the  pro- 
cess. It  is  also  soon  found  with  experience  that  if  the 
diver  breathes  face  down,  and  quite  slowly,  the  vjater  pre- 
sent will  collect  In  the  front  ox  his  mo'uth  instead  of 
spraying  down  the  throat  or  windpipe. 

There  is  an  alternative  method  of  clearing  the  tubes 
where  the  diver  is  unable  to  roll  over  on  his  back  (if 
entangled).  Held  mouthpiece  above  the  head,  higher  than 
regulator,  until  air  bubbles  through  intake  tube  and  point 


(-::-)  Although  squeezing  the  inspiratory  tube  is  not  abso- 
lutely necessary,  especially  if  the  diver  rolls  over  to  the 
left  side,  this  technique  may  be  preferable  considering  the 
possibility  of  a leak  in  the  inspiratory  tube  side. 
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mouthplaca  opanlng  dovmHard  to  ruinlfflisa  flooding.  Raise 
head,  insert  Kouthpiace,  and  clear  exhaust  hose  as  des- 
cribed. 


The  diver  must  train  himself,  under  the  Irrmiedlate 
supervision  of  an  oxparls-nced  diver , to  meet  these  situa- 
tions of  flooded  equipment.  The  bent  preparation  consists 
of  diving  10  feet  of  water,  standing  or  lying 

onj^ha" bottom  with  a little  extra  weight,  and  removing  both 
and  mouthpiece  simultaneously  to  practice  expelling 
the  water. 


E . Exhaustion  of  Air  Supply 

Exhaustion  of  the  air  supply  during  a dive  is  usually 
not  causa  for  alarm,  particularly  when  the  Aqua-Lung  cylin- 
der valve  features  a properly  f-anctioning  safety  reserve 
device,  Vfnen  the  original  cylinder  pressure  falls  to  approxl- 
mataly  300  p.s.i,  the  ragulator  begins  to  offer  increasing 
resistance  to  the  diver's  demand  for  air.  At  this  point, 
the  diver  will  also  notice  the  face  mask  moving  in  jmd  out 
with  respiration. 

Following  the  onset  of  these  syraptoms,  the  resistance 
becomes  greater  until  after  a minute  or  two --depending  greatly 
on  depth  and  exertion--the  air  is  effectively  exhausted.  How- 
ever, stretching  the  remaining  effective  air  supply  Is  an 
exceedingly  dangerous  practice,  Vlhen  the  symptoms  are  first 
noticed  the  diver  should  liteTiediatcly  turn  the  reserve  lever 
"down”  and  make  a normal  ascent  shortly  thereafter.  Actua- 
ting the  reserve  levsr  thus  releases  the  "sealed  off"  300 
p,  3, 1 , --alloviing  the  diver  about  five  or  ten  minutes,  depend- 
ing on  depth  and  siae  of  cylinder. 

If  the  cylinder  does  not  feature  the  reserve  device,  the 
diver  should  imiiisdlately  stop  vjhatever  he  is  doing  and  ascend 
to  the  surface.  Providing  the  diver  breathes  lightly,  the 
remaining  air  will  probably  suffice  since  the  effective  volume 
of  air-  available  to  the  diver  increases  at  a more  rapid  rate 
as  the  surface  is  neared. 

Running  out  of  air  is  a common  occurrence,  sometimes 
fully  intentional  on  the  diver's  part,  and  he  soon  learns 
v/ith  experience  the  signs  of  approaching  air  exhaustion  and 
the  appropriate  steps  to  take. 

Air  exhaustion  becomes  more  serious,  however,  vjith 
incraasTngXy  greater  deotKFI  Due  'tb”the  greater  “consumot ion 
or  c^pXiTicic  r afr~  at  the^  depths,  the  initial  feeling  of  res- 
triction will  tend  to  arrive  more  suddenly  and  the  diver  will 
have  less  time  to  "dawdle",  Aqua-Lung  cylinders  not  equipped 
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viltii  tii6  sa..f6ty  i*Gsei*y6  d.Qvlc©  shouXd.  not  b6  ussd.  de6p©?* 
than  $0  fast  in  general  practice* 


It  should  be  kept  in  mind  that  the  diver  Is  likely 
to  become  completely  absorbed  in  whatever  he  is  doing* 
particularly  vjhen  affected  by  nitrogen  narcosis*  and  may 
not  i’saliss  lintil  quit©  lats  tnat  the  a.ir  supply  is  s.p^ioa'^h'‘ 
ing  exhaustion. 


In  addition,  the  remaining  air  supply  may  bo  insuf- 
ficient to  allow  a rate  of  ascent  no  greater  thtm  25  f'Cat 
per  minute,  in  order  to  avoid  "bends”  near  the  time-depth 
limits  Imposed  in  the  Navy  Decompression  Table, 


There  is  one  characteristic  of  the  reserve  lever  which 
the-  author  would  emphasize.  If  the  descent  was  made  with 
the  reserve  lever  accidentally  in  the  "down"  position,  thus 
by-passing  the  reserve  indication  (or  first  vmrnlng)*  the 
diver  should  consider  the  situation  before  belatedly  atterapt- 
Ing  to  correct  matters  under  water  by  turning  the  levex’  up". 
If  enough  time  has  elapsed  before  the  mistake  was  realized, 
the  tank  pressui’e  may  have  fallen  below  the  approximately 
300  p.s.i.  stags  where  the  reserve  feature  normally  gives 
the  first  warning  to  the  diver.  When  this  has  occurred,  the 
air  flow  will  cease  abruptly  {•-■)  as  the  lever  moves  up. 

This  is  important  while  submerged  because  the  diver  may 
have  difficulty,  after  realizing  his  second  mistake,  in 
I’eturning  the  lever  "down"--due  to  the  hands  being  cold  or 
clumsy  with  gloves,  or  due  to  a stiff  lever. 

It  is  inadvisable  to  surface  with  empty  tanks  too  far 
from  shore  or  assistance,  particularly  in  rough  v?at-er , 
Jettisoning  the  weights  (if  any)  may  enable  the  swimmer  to 
utilize  the  slight  positive  buoyancy  of  the  empty  tank  for 
floating  on  his  back,  but  It  is  not  feasible  to  swim  for 
any  appreciable  distance  with  empty  tanks  on  the  back.  It 
is  impossible  to  swim  face  down  with  empty  tanks  unless  a 
"snorkel"  is  at  hand.  The  Fenjohn  Underwater  Photo  & Equip- 
ment Co,  distributes  a corabinatlon  snorkel-mouthpiece  for 
the  A qua -Lung  which  could  be  useful  hers,  although  its  pri- 
mary purpose  is  the  conservation  of  cylinder  air“-if  nruch 
swimming  is  done  at  the  surface. 

In  the  same  situation,  the  inflatable  life  preserver 
previously  mentioned  could  save  considerable  embarrassment-- 
perhapa  the  swimmer's  life.  The  diver  should  also  accustom 
himself  to  releasing  the  Aqua-Limg  harness  at  the  surface  and 
towing  the  apparatus  behind--a  teclirs.iQU6  stressed  at  the 
Scrlpps  Institution  of  Oceanography. 


{*)  This  situation  is  not  simllai’  to  normal  exhaustion  of 
air  supply. 
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^ • Entanglement  With  Underwater  Obstaclea 

A self -contained  diver,  in  prowling  the  sea,  lake,  or 
harbor  bottom--partl cularly  where  the  visibility  is  poor 
or  nonexistsnt--£lway3  exposes  himself  to  the  danger  of 
becoming  entangled  with  an  obstruction  or  natural  marine 
growth.  Dock  pilings,  mooring  and  lobster  pot  lines,  fish 
traps,  eel  grass,  and  kelp  (a  seaweed  with  long  stems)  are 
typical  hazards,  ss/han  this  'unforeseeable  event  occurs  the 
diver  should  remain  calm  and  think  bis  viay  out  of  the  sltua- 
tlon--a  rule  which  actually  applies  to  every  underwater  emer- 
gency, Thrashing  about  only  may  entaigle  him  further  and 
waste  valuable  air. 

Two  strong  aids  in  this  sort  of  disaster  are  (l)  a sub- 
stantial knife,  (2)  an  accompanying  diver.  In  the  event 
that  the  diver  cannot  free  himself  from  the  entanglement 
(assuming  here  that  only  the  apparatus  is  caught),  he  must 
attempt  to  "ditch”  the  apparatus  and  make  a "free  ascent" 
to  the  surface.  The  diver  should  not  part  T-;ith  his  air 
supply  unless  all  else  fails j neither  should  he  wait  until 
the  air  supply  is  exhausted  before  disengaging  the  harness. 


^ • Free  Ascent  Technique 

The  free  ascent  tecltinique  for  Woods  Hole  Oceanographic 
Institution  divers  should  be  leanied  under  the  supei’vlslon 
of  naval  porsonnsl  at  the  Subsiarlne  Escape  Tralnlx'ig  Tank  in 
New  London,  Connecticut.  The  student  diver  ultlstiately  learns 
to  reach  the  surface  safely==through  as  much  as  100  feet  of 
water--aftsr  discarding  his  Aqua-Lung  on  the  bottom. 

The  term  "free  ascent"  may  also  apply  to  a situation 
where  the  ascending  swimmer  makes  no  use  of  his  breathing 
appliaiiice,  though  still  attached  to  his  person. 

Success  of  the  free  ascent  technique  depends  upon  the 
ability  of  the  swlrmner  to  remain  reasonably  calm  and  col- 
lected. Before  attempting  the  Aqua-Lung  "ditch"  and  free 
ascent  at  the  Escape  Tank,  the  student  diver  raust  feel 
thoroughly  at  home  in  his  apparatus. 

Assuming  that  the  air  supply  is  sufficient  for  the 
ditching  operation,  the  diver  releases  the  weight  belt  (if 
any),  proceeds  to  unfasten  the  two  or  thi’ae  buckles  vjhlch 
secure  the  Aqua»Lung.  If  the  safety  hitch  vjas  applied  before 
the  dive,  one  quick  yank  on  first  the  waist  and  "then  the 
shoulder  straps  will  cause  the  apparatus  to  fall  free. 

Before  starting  the  ascent,  the  diver  clears  his  lungs  with 
several  deep  breaths,  drops  the  grip  from  his  teeth,  and  if 
necessary  throws  the  grip  over  his  head. 
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At  this  point  tha  svjlmniei:*  presumably  vjill  be  b’.ioysjit 
(-«)  and  begins  to  float  slovjly  upwards.  To  conserve  oxygen 
he  should  refrain  from  all  bodily  inovements--even  that  of 
shoving  off  from  the  bottom.  The  oorrejct  posture,  as 
taught  at  tho  New  London  Escape  Tank,  is  an  erect,  ’'stream- 
lined" position,  with  the  hands  at  tho  sides  ("-h;-)  and  head 
tilted  up  to  watch  the  bubbler.  After  rising  perhaps  I*,  or 
5 feet  he  should  begin  releasing  a small,  steadj 

stream  of  bubble3--as  if  through  a soda  straw.  Ihe  most 
Important  part  of  the  free  ascent  technique  is  to  ascend  no 
faster  than  the  bubbles  emitted.  As  long  as  the  svjiinmsr 
ascends  at  a fairly  steady  rate,  while  at  the  same  time  sur- 
rounded by  his  bubbles,  he  will  make  a successful  free  ascent 
from  at  least  100  feet  ^tlme;  approximately  45  to  60 
seconds^]  . 

Trained  personnel  have  made  free  ascents  from  depths  of 
200  feet  in  the  open  v/ater.  There  are  also  a few  cases  on 
record  where  submariners  with  no  previous  training  in  this 
technique  have  made  successful  free  ascents  from  depths  of 
200  to  250  feet;  tha  latter,  however,  must  be  attributed 
to  "fortunate  circumstances  •CD 

If  the  diver  feels • that  he  is  overtaking  the  bubbles, 
he  blows  out  air  at  a slightly  faster  rate  in  order  to  reduce 
buoyancy  and  slow  dovm.  If,  as  a consequence,  he  releases  a 
little  too  much  and  slows  almost  to  a standstill,  the  breath 
is  held  for  a few  seconds  until  a suitable  speed  is  again 
reached. 

On  tha  other  hand,  the  swiirEiier  may  iiave  grossly  over- 
corrected  in  his  attempt  to  reduce  ascent  speed,  expelled 
too  much  air,  lost  positiv^e  buoyancy,  end  started  sinking. 
Then,  he  must  not  panic  (this  is  a critical  point)  but  hold 
his  breath  for  a few  seconds  v;hils  propelling  himself  up  until 
positive  buoyancy  is  regained. 


(•::•)  *If  a man  has  positive  buoyancy  at  the  surface,  then 
when  he  fills  his  lungs  to  the  same  extent  at  any  given  depth, 
he  will  also  have  positive  buoyancy  regardless  of  the  depth." 
(Excerpt  from?  Manuel  of  Free  Escape  from  Submarines), 

(-:Ht-)  In  the  open  water,  where  visibility  may  be  poor,  an  arm 
should  be  extended  above  the  heo.d  to  fend  off  possible  obstruc- 
tions, 

(-;h:-s-)  During  Escape  Tank  training,  the  ascending  diver  observes 
that  at  greater  depths  a relatively  long  pause  before  releas- 
ing air  will  be  necessary,  and  fewer  bubbles  released  there- 
after, in  order  to  maintain  positive  buoyancy.  As  the  surface 
Is  neared,  however,  the  more  rapidly  Gxpandi.ng  air  should  be 
relieved  by  larger  bubbles. 


The  Escape  Training  Tank  at  the  New  London  Submarine  Base 
Instructor  (giving  hand  signal)  and  pupil  are  making  a 
"free  ascent",  after  breathing  compressed  air  in  a lock. 
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The  swimmer  may  have  to  roly  on  his  physical  sensations 
to  ascertain  whether  ho  is  rising  or  falling,  and  at  what 
rate.  If  the  light  is  dim  and  the  friction  of  the  passing 
water  is  not  noticeable,  the  sure  sign  of  an  ascent  occurs 
when  the  air  inside  the  face  mask  expands  and  tries  to  leak 

around  the  edges.  Convex'sely.  if  descending  the  mask  will 

pr rsF  more  tightly  “a gains f the  face  . ' ' sen's e^^^^  ' 

become  very  confused  in  a watery  environment,  particularly 
when  excited  and  the  water  is  murky,  with  no  fixed  reference 
point.  Particles  suspended  in  the  water  may  prove  to  be 
very  usefjil  reference  points.  Kairy-chested  divers  of  con- 
siderable experience  claim  tiiat  the  chest  hairs  may  give  an 
Indication  of  direction. 

The  point  must  be  stressed  here  that  if  the  ascent  is 
properly  executed,  at  no  time  will  the  diver  feel  short  of 
breath.  As  he  floats  upwards  to  the  surface  the  air  expands 
in  his  lungs  and  his  only  concern  is  to  get  rid  of  the 
excess  gas.  Aside  from  a possible  lack  of  coordination, 
the  untrained  free  ascenter  has  the  most  to  fear  from  fear 
itself--which  will  burn  up  precious  oxygen. 

If  the  foregoing  procedures  are  disregarded,  the  swimmer 
will  either  consume  the  oxygen  stored  in  his  lungs  through 
strenuous  swimming  movements  or  if  the  surface  is  reached, 
an  air  embolism  may  result.  The  importance  increases  viith 
the  starting  depth)  a free  ascent  from  1^  feet  will  tolerate 
more  errors  in  technique  tiian  an  ascent  from  ll5  feet.  The 
coordination  may  be  difficult  to  attain  without  previous 
training  under  controlled  conditions. 

The  swismier  inherently  negatively  buoyant  (perhaps 
of  individuals)  will  presiimably  have  to  use  his  swim  fins 
during  the  entire  ascent,  and  a safe  ax'rlval  at  the  surface 
may  not  result  unless  there  is  a line  to  follow. 

When  making  a free  ascent  after  squeezing  (to  inflate) 
a GO2  preserver,  keep  the  volume  of  air  in  the  lungs  near 
the  minimuiti  to  avoid  the  distension  which  could  result  from 
the  rapid  ascent. 


® • fiardrum  Ferf oratl on 

A diver  with  perforated  eardx’ums  may  discover  his  sense 
of  balance  and  direction  temporarily  upset.  In  fact  he  may 
not  distinguish  "up”  from,  "down",  and  proceed  in  the  wrong 
directioa. 

"If  an  eardrum  should  perforate  while  submerged,  the 
cold  water  may  temporarily  cause  a temperature  Imbalance  in 
the  vestibular  apparatus--resulting  in  a real  hazard  in  that 
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nausea  and  dizziness  can  occur.  The  swimitior  la  safe  if  he 
keeps  his  mouthpiece  in  place  and  remains  calm  for  a fev; 
minutes  until  the  cold  water  entering  the  ear  becomes  warm 
and  the  violent  vertigo  is  ended.  Holding  onto  s submerged 
object,  or  even  hugging  oneself  might  assist.”  (3.) 


SECTION  IV  - ouggesfcad  Safety  Precautions  and 

Requirements  (Pliysical  and  Psycho- 
logical) for  Underwater  Sviiromers 

^ * Erom  the  U.  S.  Navy  and  National  Research  Council  Panel 
on  Underwater  SvjlraT^ars 

Since  swimming  involves  a physical  exertion  comparable 
to  running,  a diving  candidate  should  be  in  a state  of 
general  good  health.  Past  history  or  evidence  on  complete 
physical  examination  of  chronic  respiratory  or  cardiovascular 
disorders  should  bar  a man  from  this  activity.  Other  elimi- 
nating maladies  are:  middle  ear  disease,  exaggerated  sus- 

ceptibility to  motion  sickness,  unusual  sensitivity  to  cold 
water  exposure,  excessive  fear  of  the  dark,  claustrophobia, 
or  a tendency  to  take  unconsidered  risks. 

The  swlmraer  must  be  psychologically  and  physically  fit; 

1.  Must  pass  periodic  (perhaps  semiannual)  check  ups, 
with  particular  emphasis  on  the  heart  and  respira- 
tory systems. 

2.  Miist  ”feel  O.K.”--l.e,,  must  not  dive  nor  be  pena- 
lized for  not  diving  ’when  seriously  desiring  not  to. 

(-”-)3.  Must  not  dive  after  excessive  drinking  of  alcohol 
until  well  rested  and  ill  effects  have  passed. 

(-”-)4»  Should  be  well  rested  (usually  eight  hours  of  sleep 
the  night  before  dive)  and  when  possible  should  be 
permitted  to  rest  after  the  diva,  fin  addition  to 
resting  after  a long,  deep  dive  the  breathing  of 
pure  oxygen  at  the  surface  for  about  ten  minutes 
•will  help  clear  the  blood  of  any  excess  nltrogexi}* 

5*  Should  not  dive  lirjmsdlately  after  eating;  vomiting 
may  cause  asphyxiation. 


(w)  Excessive  alcohol  in  the  system,  or  fatigue,  can  cause 
a diver  to  become  more  susceptible  to  the  ”bends". 
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6.  It  l3  highly  desirable  that  the  diver  be  "In  shape". 
Regular  e.;-rercises  of  running  and  skin  diving  have 
been  found  to  be  good  conditionors  for  underwater 
swimmers. 

7.  M'.ist  like  to  dive.  Underwater  swln’^ning  ,:,hould 
definitely  be  a volunteer  n^-tivlty;, 

8.  The  undervjater  swimmer  must  be  well  a'ware  of  his 
own  psychological  and  physiological  limitations. 


Outline  of  Rs commended  Training  for  Woods  Hole  Oceano- 
graphic Ins tltu cion  PTHng~~(^^hdj dates 

1,  Goinplata  physical  examinations,  at  least  annually, 
by  a civilian  physician  and  an  ear-nose-throat 
specialist  (preferably  one  who  is  familiar  with 
complications  resulting  from  pressure  inequalities). 

2.  Diving  instruction  at  V/oods  Hole.  Oceanographic  Insti 
tution--an  undetermined  length  of  time,  but  pro- 
bably at  least  six  weeks.  Particular  emphasis 
would  be  placed  on  the  diver's  ability  to  cope 

with  pressure  changes  and  flooded  equipment. 

The  above  preparation  may  be  sufficient  for  those  indi- 
viduals who  vjill  restrict  their  diving  to  depths  of  about  40 
feet  or  less.  : 


The  advanced  training  listed  belo\^  should  be  necessary 
{if  available)  for  serious,  long-term  v;orkers  w'ho  plan 
diving  to  depths  greater  than  about  40  feet. 

3.  Advanced  training  in  underwater  techniques  (total — 
one  week)  at  Escape  Training  Tank,  U.  S.  N.  Sub- 
marine School,  Nex^  London,  Conn.,  which  may  include; 

(a)  Diving  physical  examinat  oiv  'r-'  submarine  medi- 
cal officer  (in  order  to  qutrify  for  the  fol- 
lowing) : 

(b)  Dry  px’essure  test  in  the  recoitipresslon  cha.mb6r 
to  50  p.s.l.,  equivalent  to  112  feet  of  sea 
water. 

(c)  Momson-Lung  ascents  from  the  l8,  50,  and  100 
foot  escape  locks. 


(-»)  (d)  Free  ascents  from  the  l8,  50,  and  100  foot 
escape  locks. 
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(-;:•)  (s)  Aqua -Lung  Jettlaon  and  free  ascent  to  the 
surface  from  the  ^0  and  100  foot  levels. 

( f ) Formal  lecture  on  imdervmter  physiology,  by 
submarine  medical  officer. 

4=  At  least  tv;o  vjeeks'  training  in  the  open  water 
using  the  Aqua-Lung  with  Navy  swimmers, 

OPTIONAL- -though  very  useful  In  broadening 
experience. 


SECTION  V - Further  Discussion  of  Some 
Physiological  Consequences 
of  Diving 


introduction 

This  section  will  provide  the  reader  with  a backgi’ound 
of  information  concerning  physiological  aspects  of  diving 
which  previously  in  this  report  were  only  touched  upon. 
However,  this  section  is  no  less  important  to  the  underwater 
swimmer's  welfare. 

The-  author  gratefully  acknowledges  the  assistance  of 
U.  S.  Navy  medical  officers  in  the  preparation  of  this  sec- 
tion, which  is  in  part  quoted  verbatim  fi’om  tliem. 


A . Ear  Caro  and  Compl icatlons  Due  to  Pressure  Inequalities 

1.  "Ear  fungus"  is  almost  an  occupational  disease  of 
men  who  dive  fi’eqviently  without  suits,  particularly 
in  contaminated  water  or  in  warn  climates.  The 
actual  Infection,  however,  is  almost  always  due  to 
bacteria  similar  to  those  which  cause  pimples  and 
bolls,  V/hether  due  to  bacteria  or  fungus,  preven- 
tion lies  mainly  in  keeping  the  ear. canal  as  dry 
as  possible  after  each  dive.  Rinsing  the  ears  with 
a few  drops  of  ^0  to  70%  alcohol  will  accomplish 
drying  without  fuss,  strain,  or  significant  irri- 
tation (which  may  result  from  using  swabs). 


{'»)  At  the  present  time,  this  training  may  be  obtained  only 
by  special  temporary  asslgiiment  to  a Navy  U.D.T.  group,  with 
consequently  fewer  opportunities  for  the  free  ascent  train- 
ing. If  this  is  accomplished,  however,  the  U.D.T.  training 
will  also  include  that  covered  in  (a),  (b),  and  (c). 
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Since  an  excess  accumulation  of  ear  wax  will  make  dry- 
ing the  ears  more  difficult-  and  favors  the  accumulation  of 
dirt,  it  should  be  syringed  out  occasionally  by  a physician, 

2.  Continued  descent  In  spite  of  Inability  to  equallEe 
pressure  will  produce  at  least  some  engorgement  o.f 

blood  vessels  in  the  eardrum  and  the 
lining  of  the  middle  ear.  Repeated  insults  may 
very  well  result  in  some  degree  of  hearing  loss. 

When  hemorrhage  results  from  rupture  of  these  vessels, 
following  additional  descent,  pain  will  be  experienced  (if 
not  already  present)  which  may  continue  for  some  hom*s. 

Beyond  this  stage  actual  rupture  of  the  drum  will  take  place. 
In  seme  individuals  rvipture  can  occur  without  significant 
warning  pain. 

Once  ruptured,  the  dn^ms  generally  heal  uneventfully 
in  a few  weeks;  but  the  fact  that  deafness  occasionally 
results  means  that  the  accident  is  not  to  be  taken  lightly. 
The  principal  danger  following  rupture  is  that  of  middle-ear 
infection.  Following  ©xaminatioii  by  a physician,  the  usual 
rule  for  treatment  is  a strict  "hands  off"  policy--including 
the  insertion  of  fingers,  swabs,  plugs,  medications,  and 
especially  water.  Further  diving  of  any  type  must  be  avoided 
until  permitted  by  the  examining  physician. 

3,  When  wearing  a hooded  suit  the  diver  may  experience 
a sensation  similar  to  that  of  failure  to  equalize 
through  the  eustachian  tubes,  even  though  the  diver 
is  clearing  his  ears  easily.  In  this  case  the 
diver  has  another  clused-off  space  between  the  drum 
and  the  hood  (since  the  hood  is  in  itself  a closed, 
nonequalizing  structure).  This  condition  can  be 
rectified  if  a little  air  can  be  blown  past  the 
mask  se-al  into  the  hood.  The  consequences  of 
failure  to  equalize  this  pressure  are  similar  to 
those  seen  in  the  more  common  mlddle=sar  condition. 

There  is  another  phenomenon  which  may  perplex  the 
observer  who  is  unfamiliar  with  this  mechanism.  The  diver 
may  return  to  the  surface  with  blood  dripping  out  of  his 
ear,  though  he  insists  that  he  "cleared"  easily  all  the  way 
down,  and  may  not  have  a rupture.  In  these  eases  the  rela- 
tive negative  pressure  has  "pulled"  a blood  blister  on  the 
drum,  which  then  ruptured  to  the  outside  leaving  the  drum 
as  a whole  intact. 

Prasstire  in  the  face  mask  must  also  be  equalized  on 
descent.  This  is  easily  accomplished  by  letting  enough 
air  out  through  the  nose  to  relieve  the  sensation  of  suc- 
tion on  the  face.  Failure  to  do  this  will  produce  a 
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localized  ’’squeeze''  and  may  thus  result  in  nosebleedj  hemorr- 
hages of  the  conjunctive,  v/rlnkllng  of  the  akin  with  Inward 
leakage  of  water,  etc.  Goggles  should  not  be  used  unless 
provided  with  some  means  of  equalizing  pressure  (l,e=,  a 
small  tube  leading  to  the  mouthpiece).  ..  ^ 

. 4,"  NQseblesds  following  exposure  to" pressure changes"- ~ 

probably  consist  of  either  nasal  bleeding  from  a 
squeeze  of  one  of  the  accessory  sinuses,  usually 
requiring  no  treatment  beyond  abstinence  from 
pressire  changes  for  a day  or  two;  or  nasal  bleed- 
ing from  a hemorrhage  into  the  middle  ear  drainirig 
through  the  eustachian  tubes  (the  latter  usually 
occurring  when  the  diver  with  hemorrhage  surfaces 
face  down,  with  the  blood  entering  the  posterior 
nares  instead  of  the  throat).  This  condition  does 
not  require  any  more  treatment  than  the  first  type 
of  nasal  bleeding. 

The  colored  nasal  discharge  following  deep  dives  is 
the  result  of  the  air  pressure  in  the  sinus  forcing  out  a 
mucopurulent  or  purulent  material  from  a chronic  sinus  infec- 
tion. This  drainage  is  of  distinct  benefit  to  the  individual, 
though  damage  will  accompany  if  there  are  significant  obstnic- 
tions.  Considering  the  latter  possibility,  the  individual 
with  a known  sinus  Condition  should  not  deliberately  attempt 
to  force  out  the  material  through  pressure  changes. 

An  examination  of  the  ear  foJlowing  a middle-ear  hemorr- 
hage thi'ough  the  eustachian  tubes  will  reveal  a relatively 
red  eardrum  or  evidences  of  distinct  hemorrhage  behind  the 
drun.  Usually  no  treatment  beyond  abstinence  froxTi  pressure 
changes  is  prssci-ibed  by  the  exsjnining  physician  in  these 
cases,  unless  there  is  evidence  of  excessive  lymphoid  tissue 
around  the  eustachian  tube  opening  which  prevents  proper 
equalization  of  press  lLl* G » !PiiG  er  of  middle-ear  infection 

is  not  very  great  following  this  type  of  hemorrhage. 

The  spitting  of  blood  is  usually  the  result  of  middle- 
ear  hemorrhage  draining  tixrough  the  eustachian  tubes,  but 
can  also  occur  following  a squeeze  of  one  of  the  accessory 
sinuses. 

5.  Slight  blockages  of  the  eustachian  tubes  and  nasal 
sinuses  may  be  cleared  by  using  a Benzedrex  inhaler 
or  a nasal  spray  or  drops  such  as  0.25%  neosyne- 
phrlne,  1.0%  ephedrlne  sulphate,  0.05%  privlne,  etc. 
These  measures,  in  the  case  of  an  anticipated  bloc- 
kage, must  be  taken  before  the  first  dive--instead 
of  as  a cure  for  the  next  immediate  attempt,  A 
person  with  a bad  cold  should  not  dive,  as  infec- 
tious material  may  be  forced  into  the  middle  ear. 


B.  Air  Eifiboliam 


When  the  lungs  expand  to  a critical  extent  (possibi- 
lity indicated  in  Sect.  II-B).  the  excess  internal  pressure 
ruptures  the  lung  air  sacs  and  blood  wessels.  Air  Is  forced 
into  these  ruptured  tissues  and  blc-ud  vessels,  causing  air 
babbles  (the  "emboli'*)  to  enter  the  pulmonary  capillary  bed. 


the  heart  and  the  arterial  blood  vessels  where  they  produce 
the  various  symptoms  of  circulatory  blockage  (the  definition 
of  "embolism'’)  in  the  heart,  brain,  spinal  cord,  or  other 
vital  organs  (2), 


The  manifestations  of  air  embolism  may  vary  according 
to  the  individual,  the  severity  of  attack,  and  the  time 
elapsed  since  onset.  The  following  are  symptoms  usually 
■seen  or  felt  in  a severe  type  of  air  embolism  (2,  8)); 

1,  A "pulling"  sensation  in  the  middle  of  the  chest 

2,  Reddish  or  other  froth  at  mouth 

3.  Increasing  numbness  in  the  extremities,  with  arms 
and  legs  gradually  becoming  rigid 

4.  Balance  becoming  unsteady;  dizziness 

5s  Convulsions  and  biting  of  the  tongue 

6,  Losing  consciousness  and  becoming  cyanotic  (bluish) 


The  syiTiptoms  belovj  may  be  seen  in  less  severe  types  of 
air  embolism,  or  In  subcutaneous  emphysema  (air  in  the 
tissues  and  not  In  blood  vessels).  The  latter  Is  often 
called  "air  embolism",  biat  not  correctly  so.  It  is  less 
serious,  but  should  be  treated. 

1.  /'  fullness  in  the  tiiroat 

2.  Voice  changing  to  a brassy,  flat  quality 

3.  Speech  becoming  thick  and  mushy 

4-  A "rattling"  sound  with  breathing 

5.  An  Inflated  condition  of  the  skin  over  the  collar- 
bone 

Treatment  of  air  embolism  Involves  recompression--a3 
soon  as  posslble--»-in  a pressixre  chamber,  where*the  constrict- 
ing air  bubbles  are  diminished  in  size.  Relief  may  be 
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expected  If  the  dui’ation  and  severity  of  syinptoms  are  not 
too  great.  However,  death  can  result  in  severe  cases  by 
cerebral  anoxia  or  cardiac  insufficiency  even  after  prompt 
treatment  in  a pressure  chamber. 

It  has  been  sugy.'sted  by  Kinsey  et  al.  (8)  that  "placing 
the  casiA-^j.ty  in  the  left  lateral  position  wJth  the  head 
lowered  vihJ  le  being  transpor  ted  to  the  recompression  cham- 
ber and  during  treatment"  may  possibly  save  lives  in  some 
circumstances . 

There  is  no  definite  proof  of  the  usefulness  of  this 
position,  but  it  is  felt  that  the  position  may  have  some 
possibilities  on  the  theoretical  level. 


Docompresslcn  Sickness  (more  coriimonly  known  as  "bends"} 

A definite  amount  of  nitrogen  is  alvmys  present  in  a 
dissolved  state  throughout  all  body  tissues,  vai'ying  among 
individuals  accordirig  to  their  body  weight  and  fab  content. 
The  degree  of  body  saturation  during  a dive  is  dependent 
upon  three  main  factors--depth  of  dive  (pressure  head), 
length  of  dive  (exposure  time),  and  circulatory  efficiency. 
The  dissolved  nitrogen  in  the  blood  and  tissues  is  only 
slowly  gained  or  lost  by  the  body  through  respiration,  and 
tends  to  remain  in  solution  except  during  changes  fi*om 
greater  to  lesser  pressures. 

' "The  escape  of  this  gas ' is  called  decompressioh,  and  the 
time  required  for  the  process  is  known  as  decompression  time. 
If  the  decompression  time  is  Inadequate  the  blood  and  tissues 
approach  a state  of  suparsaturationi  i.e.,  they  contain  more 
dissolved  gas  than  they  are  capable  of  holding  in  solution. 

If  the  human  body  contains  dissolved  nitrogen  at  a pressure 
more  than  twice  the  outside  pressure,  bubbles  are  formed  in 
the  blood  stream  and  tissues  faster  than  the  Ixings  can  elimi- 
nate the  excess  gas. 

The  bubbles  bring  about  a condition  of  circulatory  block 
age  or  local  tissue  destruction  and,  depending  on  the  site, 
produce  symptoms  of  asphyxia  and  chokes  (bvibbles  trapped  in 
blood  vessels  of  tha  lungs  and  heart),  pain  or  paralysis 
(bubbles  trapped  in  brain,  spinal  cord,  or  nerves),  stiff- 
ness and  soreness  of  joints  and  muscles,  and  itch  or  rash  of 
the  skin. 

Redescent  or  recompression  in  a pressure  chamber  will 
force  the  bubbles  back  into  solution  and  subsequent  slow 
return  to  atmospheric  pressure  will  usually  provide  complete 
recovery,  as  the  excess  nitrogen  in  solution  diffuses  from 
the  lungs.  The  diver  afflicted  with  bends  should  be  treated 
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at  the  first  manifesta.tion  of  the  sickness . Failure  to 
observe  this  rule  raay  result  in  permanent  damage  should, 
the  sickness  develop  to  an  advanced  degree, 

'To  those  people  who,  followiiig  the  onset  of  symptoms, 
would  reccmpress  in  the  water  Hith  a spare  Aqua-Lung,  it 

be  stressed  that  improper  treatment  can  leave  the 
diver  in  a condition  worse  than  if  he  had  waited  for  pro- 
per ureaomenc*7  liie  pX'Opei*  t/x~ea. tuient  reQuircri  that  tiie  nit- 
rogen bubbles  be  completely  absorbed  in  solution  as  well  as 
squeezed  down  to  nonsymptomatic  size;  otherwise  recurrence 
of  symptoms  will  follcv?~-aggravated  by  the  fact  that  the 
diver  may  have  taken  up  more  nitrogen  during  recomprossion. 
The  location  of  the  nearest  reccmpression  chamber,  and 
means  of  fast  transportation  in  case  of  emergency,  should 
be  known  to  every  diving  activity. 

Those  tissues  which  require  the  longest  time  to  become 
completely  saturated  with  nitrogen  'will  govern  the  rate  of 
ascent,  S^cause  fat  is  capable  of  holding  over  five  times 
as  much  dissolved  nitrogen  as  the  water  of  our  blood  and 
tissues,  it  naturally  will  require  a longer  time  to  desatu- 
rata  this  type  of  tissue.  There  are  also  tls-sues  within  our 
body  which  are  supplied  by  a meager  flow  of  blood  foi’  normal 
sustenance.  These  tissues  will  also  require  a longer  period 
of  time  to  rid  themselves  of  their  nitrogen  since  the  slug- 
gish rate  of  blood  flow  thi’ough  them  offers  sluggish  gas 
diffusion,  E_xperlm8nts  conducted  on  man  show  that  a period 
of  9 to  12  ho'urs  is  required  to  rid  the  human  body  of  its 
excess  dis'solved  nitrogen.  {^) 

Divers  are  dsecmpressed  according  to  a schedule  (see 
F,lg.  4)  which  never  allows  the  nitrogen  pressure  in  the 
tissues  to  exceed  twice  the  total  ambient  pressure j within 
this  ratio  of  2 to  1,  bubbles  will  not  form.  For-  this  rea- 
son the  Aqua-Lung  diver  may  ascend  continuously  (minimum 
decompression  time)  to  the  surface  from  a depth  of  33  feet 
(2  atmospheres)  regardless  of  exposiire  time. 

Because  of  the  relatively  long  time  neces.sary  for  fatty 
tissues  to  become  completely  saturated  with  nitrogen,  the 
obese  diver  viill  have  the  advantage  over  the  lean  Individual 
in  the  case  of  a short,  deep,  "boui  ce”  dive.  Conversely, 
the  le-an  diver  will  have  the  advantage  In  a loiig,  workixig 
dive. 

The  probability  of  decompression  sickness  in  any  given 
dive  is  also  known  to  Increase  with  exorcise  and  age.  Recent 
ovei’-l.ndulgence  in  alcohol,  oxeessive  fatigue,  or  a general 
rundown  condJ,tion  should  bar  a man  from  diving  activity. 


''Suacepfclbi,lity  to  decompression  sickness  varies 
greatly  among  individuals  and  to  some  extent  in  the  same 
individual  from  time  to  time.  It  is  also  influenced  by- 
diving  conditions  in  ways  which  are  difficult  to  predict* 
Consequently,  a decompression  table  which  prevented  bends 
in  all  oases  would  involvtj  much  more  restricted  depth-time 
limits  and  much  longer  decompression  stops  than  would  be 
necessary  or  practical  for  the  vast  majority  of  dives. 

”The  Navy  standard  decompression  table  was  developed 
and  tested  with  this  fact  in  mind.  It  vjas  considered  better 
to  encounter,  and  treat,  an  occasional  ease  of  bends  than  to 
use  a perfectly  safe  but  impractical  table.  Diving  to  the 
exact  depths  and  times  specified  may  produce  an  incidence 
of  decompression  sickness  up  to  S%  without  being  considered 
unacceptable.  At  some  dapth**timas , the  actual  incidence 
may  possibly  be  sliglitly  higher. 

”The  point  for  Aqua-Lung  divers  to  remember  is  this; 
the  standard  decompression  tab’le  does  not  have  li;.e  large 
built-in  safety  factor  which  rumor  attributes  to' it.  The 
fact  that  it  has  been  violated  without  serious  consequences 
can  be  attributed  to  luck  and  the  lack  of  susceptibility  of 
the  individuals  concern6d--neither  or  which  can  be  depended 
upon  indefinitely . Even  applying  the  table  'to  the  letter' 
can  be  expected  to  result  in  decompression  sickness  occasio- 
nally--and  this  is  a much  more  serious  matter  where  a recom- 
presslon  chasiber  is  not  at  hand  than  it  is  in  the  usual  Navy 
situation  for  which  the  table  was  designed.  There  is  no 
room  in  Aqua-Lung  diving  for  taking  liberties  with  the 
tablo--or  even  for  'cutting  it  close'.''  (quoted  from  Lt. 
Edward  H,  Lanphier,  (MC),  USNR). 

Ths  symptoms  of  compressed  air  illness  have  been  found 
to  occur  with  the  following  frequency  (2): 

Local  Pain 

Leg  - 70/i  of  these  cases 
Arm  - 30%  " " ” 

Dizziness 
Paralysis 

Shortness  of  breath 
Extreme  fatigue  and  pain 
Collapse  with  unconsciousness 

The  typical  case  may  begin  with  itching  or  burning  of  a 
Iccftlized  area.  There  may  be  a feeling  of  tingling  of 
the  skin,  or  numbness.  Occasionally  there  v;ill  be  small 
red  spots  which  vary  from  the  size  of  a pin  to  that  of  a 
dime.  A review  of  several  sets  of  statistics  gives  the 
following  figures  (2): 
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Narcosis  : : ' - 

-U.  ■ ' • rm'  1 c:-- 

— - 

The  main  eonsbituonte  of  air  sjid  their  proportions  by 
voluiiio  are  roughly:  Nitrogen  - 79%,  Oxygen  - 21%,  Carbon 

Dioxide  - 0.03%«  Like  most  inert  gases,  nitrogen  in  the  air 
breahied  at  high  ambient  pressures  can  decrease  mental  clarity, 
impair  Judgment,  and  produce  poor  muscular  coordination  in  a 
manner  similar  to  tliat  found  In  alcoholic  intoxication.  The 
narcotic  effect  is  related  to  the  "partial  pressure"  of 
Inhaled  nitrogen  and  is  therefore  a function  of  the  diving 
depth.  Nitrogen  is  not  in  itself  harmful  (the  narcosis  dis- 
appears on  return  to  more  reasonable  depths)  but  the  impaired 
Judgment  interferes  with  performance  and  may  precipitate  acci- 
dent. 


g 


The  na.rcotic  effects  increase  progressively  with  depth 
until  at  about  280  to  300  feet  even  routine  tasks  become 
extremely  difficult.  As  in  the  drinking  of  alcohol,  persona- 
lity, motivation,  and  training  in  a specific  task  acco'ont  for 
the  different  reactions  among  different  men. 

Although  the  process  in  complex  and  still  an  issue  among 
diving  physiologists,  experiments  shovj  that  the  narcosis  may 
be  at  least  partly  due  to  a retention  of  COp  in  body  tissues. 
Nitrogen,  a relatively  heavy  gas,  ujcdex*  high  pressure  tends 
to  obstruct  diffusion  of  CO2  from  the  lungs. 

The  Meyer  Overton  theory  of  nitrogen  narcosis  states 
that  the  narcotic  action  of  gases  is  directly  related  to 
the  relative  solubility  of  the  gas  in  fatty  organs  (i.e., 
brain  and  spinal  cord)  and  in  water  (l.e.,  blood  and  tissue 
fluid).  For  example,  nitrogen  has  a to  1 ratio  while 

helium  has  a 1,7  to  1 ratio,  which  explains  the  markedly 
lessened  narcotic  action  of  helium  undei*  pi’essure.  It  may 
be  that  the  lipids  in  the  central  nervous  system  act  as 
oils  in  dissolving  the  nitrogen,  and  then  act  as  narcotics 
under  pressure. 


In  any  event,  immediate  relief  from  nitrogen  narcosis 
is  gained  by  reducing  the  ambient  "pai'‘tial  pressure"  of 
There  is  no  aftereffect. 


nitrogen. 
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E,  A Review  of  the  Salient  Featur-es  of  Air  Einbollam, 
and  Mitrogen  Narcosis' 

There  is  often  confiision  between  the  terms  "air 
embolism",  "bends",  and  "niti^ogen  nar-cosia".  The  follow- 
ing summary  outlines  some  conditions  com'aon  to  the  afflic- 
tions but  differantiates  them  on  the  basis  of  origin  and 

X'bl  2 iQlGgir&i-'eff  

1,  The  ascending  diver  may  develop  an  embolism  (cir- 
culatory blockage),  caused  by  the  presence  of  air 
or  nitrogen  bubbles  in  the  blood  stream.  This 
disorder  occurs  only  during  or  following  ascent 
if  certain  piecautions  are  not  observed. 

(a)  In  the  case  of  air  embolism,  the  blockage 
occurs  as  the  result  of  air  introduced  from 
ruptured  (overexpanded)  lung  tissues,  when 
a disturbed  mental  attitude  of  the  ascend- 
ing diver  prevents  the  normal  relief  of 
expanding  air  in  the  lungs. 

(b)  In  the  case  of  "bends" , hovjever,  an  embolism 
results  from  the  formation  of  nitrogen  bubbles 
within  the  blood  stream--the  gas  being  pre- 
viously in  solution.  The  excess  nitrogen, 
from  the  breathing  air  under  high  pressure, 
had  slowly  dissolved  in  the  blood  stream  and 
locally  formed  bubbles  after  a too  rapid 
ascent  (or  relief  of  airibient  pressure).  Tlie 
diver  has  no  voluntary  control  over  this  pro- 
cess other  than  ascending  by  decompression 
stages  sufficiently  slow  to  allow  the  excess 
nitrogen  to  leave  the  body  tlirough  respira- 
tion, if  certain  time-depth  limits  imposed 

by  the  Navy  Decompression  Table  have  been 
exceeded. 

"Bends"  will  also  refer  to  the  squoese  of 
tissues  and  nerve  cells  if  nitrogen  bubbles 
form  outside  the  blood  stream.  This  conges- 
tion may  occur  during  a less  severe  attack 
of  the  "bends". 

2-  Nitrogen  narcosis  refers  to  the  temporary  drugging 
action  of  high  pressure  nitrogen  on  the  central 
nervous  system;  the  condition  exists  only  as  long 
as  the  diver  breathes  air  at  pressures  considerably 
greater  tha.n  atmospheric.  The  symptoms  of  nitrogen 
narcosis,  unlike  those  of  air  embolism  and  "bends", 
completely  disappear  on  returzi  to  more  normal  pres- 
sures, There  is  no  aftereffect. 
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